An automated fluorescence microscopic method developed for the measurement of viable bacterial counts was applied to the detection and enumeration of viable bacteria in milk. In the automated analysis of viable bacteria, bacterial cells were recovered from milk after the treatments with EDTA and Triton X-100, stained with 6-CFDA, and the stained cells were counted with the automated microscopic method. Salmonella Enteritidis expressing the enhanced green fluorescent protein (S. Enteritidis-EGFP) was used to elucidate the relationship between the fluorescent bacterial counts by the automated microscopic method and the viable counts by the conventional plating method. A high correlation coefficient (r2=0.97) was obtained for the relationship between the counts by the microscopic method and those by the plating method. When S. Enteritidis-EGFP was recovered from sterile milk after treatments with EDTA and Triton X-100, the correlation coefficient was calculated to be r2=0.91. Viable counts by the plating method and the counts of 6-CFDA stained bacterial cells by the automated microscopic method were determined for various raw milk samples. Thirty-seven raw milk samples were measured and the correlation coefficient was calculated to be r2=0.73.
INTRODUCTION
Microbiological control of raw milk quality is one of the most important steps at the dairy plant before appropriate decisions concerning processing can be made. Microbiological control is required by the Food Sanitation Law in Japan. The milk must have a microscopic bacterial count under the critical limit of 4 x 106 cells/ml when the milk arrives at the dairy plant. There are several methods available in counting viable bacterial cells in raw and processed milk (Vasavada and White, 1993) . To determine the microscopic bacterial count in raw milk, the direct microscopic counting methods are relatively fast. However, the quality of raw milk has been improved recently. The microscopic bacterial count of raw milk has been reported as 103 to 106 cfu/ml, while viable counts of raw milk are usually in a range from 104 to 105 cfu/mI (Kamikado et al., 2004) . It has become very difficult to enumerate microscopic bacterial counts of raw milk by the direct microscopic method because of the improvement of the microbiological quality of raw milk. In addition to the microscopic method, cultural methods are common but need time to produce results (Nishihara et al., 1990) . Furthermore, the traditional culture techniques have another disadvantage. The method cannot detect viable but nonculturable bacteria (Byrd et al., 1991) .
To overcome these problems associated with the cultural and direct microscopic methods, various methods have been developed and reported (Kogure et al., 1979; Buchrieser and Kasper, 1993) . These methods include the colorimetric assay method based on the dissociation of dyes from substrates by enzymatic digestion, dye reduction assay and ATP bioluminescence (Griffith et al., 1994; Reybroeck and Scharam, 1995) .
In the past several decades, rapid methods and automation in the microbiological control of food have been increasingly used. Flow cytometry (FCM) seems suitable for the broad and specific needs of microbial analysis for milk and dairy products. FCM has been used in conjunction with viability markers for rapid counting of microbial cells in foods including milk (Kusunoki et al., 2000; Laplace-Builhe et al., 1993) . Recently, several companies have produced a low-priced flow cytometer with a laser diode, for example, Microcyte from BioDetect AS, and RBD-2000 from Advanced analytical technologies, Inc. By using the fluorescent stains in combination with FCM, it is possible to detect and discriminate viable culturable, viable nonculturable, and nonviable bacteria . FCM allows the analysis of a large number of cells in a few minutes. For the detection of viable bacterial cells by FCM, the cells are usually stained with DNA binding fluorescent dyes with different membrane permeability. For this purpose, a lowpriced flow cytometer can be applied. However, the fluorescent dyes are limited only to the dyes with red fluorescence in these flow cytometers. It is very difficult to obtain fluorescent substrates that produce red fluorescence after enzyme reaction. The fact means that the detection and enumeration of viable bacteria on the basis of a certain enzyme activity which can be a marker for viability is practically difficult in FCM.
The automated microscopic method has been applied to the detection and analysis of cancer cells in blood preparations (Kraeft et al., 2000) . These automated microscopic methods can be applied to the enumeration of the viable bacterial count in food samples. In this study, we have examined the use of an automated fluorescence microscope equipped with a CFDA were visualized with a Nikon Optiphoto Microscope by the "fluo-phase" method (Hiraga et al., 1989) . Numbers of fluorescent cells and total cells were manually counted and the staining ratio was calculated by dividing the number of fluorescent cells with that of total cells.
RESULTS
Relationship between viable bacterial counts by plating method and the counts by the automated microscopic method Figure 2 shows a fluorescent micrograph of S. Enteritidis-EGFP. All the cells of overnight-cultured S. Enteritidis-EGFP emitted fluorescence. In order to examine the relationship between the initial viable bacterial counts in the sample solution and the fluorescent bacterial counts obtained by the automated microscopic analysis method, S. Enteritidis-EGFP was suspended in 1 ml of physiological salt solution at various cell concentrations. The cells were collected from the cell suspension, resuspended in 20 ul I of sterile water, and analyzed. Since, in the practical measurement of a milk sample, the sample was treated with both EDTA and Triton X-100 and concentrated 50 fold, the ratio of recovery of bacterial cells after the treatment and concentration is important to evaluate the viable counts by the present assay. For determination of the ratio of recovery of bacterial cells from a sample, S. Enteritidis-EGFP was inoculated into 1 ml of the commercially available sterile milk at various concentrations, treated with both EDTA and Triton X-100, resuspended in 20 ul I of water, and analyzed by the automated microscopic method. The counts obtained after the treatment were compared with those obtained without the treatment. Figure 3 shows the relationship between the initial cell counts of S. Enteritidis-EGFP and the fluorescent bacterial counts, and that between the initial S. Enteritidis-EGFP counts in milk and the counts by the microscopic method measured after treatment with EDTA and Triton X-100. By the treatments with EDTA and Triton X-100, about 25% and 50% of the bacterial cells seemed to have been lost from the initial cell concentration of about 104 and 106 cfu/ml, respectively. However, the correlation coefficient obtained for the relationship between the initial viable counts and the fluorescent bacterial counts (microscopic bacterial count) by this method measured after EDTA and Triton X-100 treatments was still high (r2=0.91). The correlation coefficient (r2=0.97) obtained for the relationship without treatment was higher than that with treatment. Figure 4 shows raw and processed images of the S. Enteritidis-EGFP cell suspension and the cells recovered from sterile milk after treatments with EDTA and Triton X-100 obtained by this method. White spots on the raw images indicate fluorescent bacterial cells. Red spots on a processed image were the spots that were recognized and counted as fluorescent bacterial cells by this method. All the fluorescent bacterial cells on the raw images were counted Relationship between viable counts by the plating method and bacterial counts determined by the automated microscopic method from raw milk. Viable counts by the plating method and the counts of 6-CFDA stained cells by the automated microscopic analysis method were determined for 37 raw milk samples.
count level from 106 to 107 cfu/ml, the fluorescent counts were about 10 times lower than those of S. Enteritidis-EGFP and P. fragi at about 104 cfu/ml. These results indicate that the ratios of recovery and the staining were lower in gram-positive bacteria at low initial cell concentrations.
E. cloacae showed the lowest counts by the present assay at all the viable counts among all the bacteria tested. The staining ratio of E. c/oacae was calculated to be 70% under fluorescent microscope. It seems that the treatment with EDTA and Triton X-100 somewhat affected the ratio of recovery of E. cloacae from milk.
Relationship between viable counts by the plating method and bacterial counts by the automated microscopic method in raw milk Viable counts by the plating method and the counts of 6-CFDA stained cells by the automated microscopic analysis method were determined for various raw milk samples. Figure 7 shows the relationship between the counts obtained from 37 samples by both methods. The viable counts were above 105 cfu/ml in all the samples tested. The number of stained cells in raw milk samples counted by this method correlated well with that by the cultural method. The correlation coefficient was calculated to be r2=0.73.
DISCUSSION
Microscopic processing has improved these days. A microscope equipped with a CCD camera and a personal computer for image processing enables precise photometric quantifications, mathematical definitions of similarity, automatic morphometric measurements, automatic dot counting, and so on. We applied an automated analysis method to the detection and enumeration of viable bacteria in milk. In this automated analysis of viable bacteria in milk, the bacterial cells were recovered from milk after the treatments with EDTA and Triton X-100 and stained with 6-CFDA, and the stained cells were counted with the automated microscopic method.
Many esterified fluorescent dyes remain nonfluorescent until digested by intracellular enzymes, where a fluorescent product is released. Cells become fluorescent only after substrate cleavage by functional cytoplasmic enzymes and product retention by intact membranes. Thus, two cellular functions, esterase activity and membrane integrity, are required, adding to assay confidence. A number of fluorescent substrates have been investigated using a range of species to monitor viability of bacterial culture. All were selective to some degree, the most widely applicable being 6-CFDA and ChemChrome B . We have used 6-CFDA for the determination of viable counts of milk, since it has been reported that the viable counts using 6-CFDA and ChemChrome B correlated well with a standard direct viable count (DVC) method for viability determination. .
The present automated microscopic analysis of 6-CFDA stained bacterial cells was applied to the viable bacterial counts of raw milk and the results were compared with those obtained by the conventional plating method. The correlation coefficient was calculated to be r2=0.73 in our results for raw milk (Fig.  7) . In the bacterial counting of raw milk with ATP method, the correlation coefficient between the counts by the ATP method and the plating method was reported to be r2=0.51 (Niza-Ribeiro et al., 2000) . They had used filtration for separating bacterial cells from other milk components. Gunasekera et al (2000) applied FCM to microbial analysis of milk. In order to remove or modify protein globules that affect the counting of microbial cells by FCM, they treated milk samples with proteinase K, savinase and Triton X-100. It is necessary to separate bacteria from other components of milk to remove many sources of physical and chemical interference on the measurement. The most critical barrier to fluorescent labeling of bacterial cells in milk was also the presence of milk proteins and lipid particles. In the detection of bacterial cells in our automated method, it is necessary to treat the milk sample with EDTA and Triton X-100 in order to avoid the interference of casein micelle and fat in milk, respectively. The bacterial cells were recovered from milk after the treatment, stained with 6-CFDA and the stained cells having esterase activity were counted with the automated microscopic analysis method. The counts obtained for B. cereus, L. lactis, S. aureus, E. coli O157: H7 and E. cloacae by the microscopic method were lower than those of S. Enteritidis-EGFP and P. fragi (Fig. 6) . Further improvements on the pretreatment of milk and sample preparation for the analysis would be required to increase the ratios of recovery and staining of bacteria, especially gram-positive bacteria, in milk.
To estimate the usefulness of the microscopic analysis method, viable counts by the plating method and fluorescent bacterial counts by the automated microscopic method were compared in 37 raw milk samples. The correlation coefficient, r2=0.73, was not so high compared with those obtained for each of the pure cultured bacteria (Figs. 3, 6 and 7) . It has been reported that raw milk contains various kinds of bacteria, such as B. cereus, B. licheniformis, B. sphaericus, S aureus, P. fluorescens, P. putida, Serratia rubidea, Klebsiella spp., Enterococcus faecalis, Streptococcus bovis, Lactococcus lactis and so on (Granum, 1993; Griffiths, 1992; Kamikado et al., 2004) . As mentioned previously, the 6-CFDA staining ratios of bacterial cells recovered from milk were different among bacterial species after treatment of milk with EDTA and Triton X-100. It seems that both ratios of staining and recovery of these bacteria affected the relationship. In this study, it was difficult to obtain raw milk in which the viable count was less than 105 cfu/ml. To evaluate the usefulness of this method for the measurement of viable bacterial cell number in raw milk, further investigation on practical samples containing various kinds of bacterial 
